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TRAF INHIBITORS 

This is a divisional of non-provisional application Serial No. 08/700,749 filed 14 
August 1996, claiming priority under Section 119(e) to provisional Application Serial No. 
60/002382 filed 17 August 1995, the entire disclosure of which is hereby incorporated by 
reference. 

Field of the Invention 

The present invention concerns the isolation, recombinant production and characterization 
of novel polypeptides which block signal transduction mediated by tumor necrosis factor associated 
factors (TRAFs), including TRAF2. In particular, this invention concerns novel proteins that act as 
specific inhibitors of TRAF2-dependentNF-KB activation signaled by certain members of the TNF 
receptor superfamily, such as TNF-R2 and CD40, methods and means for making them and their use 
in screening assays or as pharmaceuticals. 

Back ground of the Invention 

Tumor necrosis factor (TNF) is a cytokine produced mainly by activated macrophages which 
elicits a wide range of biological effects. These include an important role in endotoxic shock and 
in inflammatory,immunoregulatory, proliferative, cytotoxic, and anti-viral activities (reviewed by 
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Goeddel, D.V. et nl , Hold Spring Harhor Symposia on Quantitat ive Biology 51, 597-609 [1986]; 
Beutler, B. andCerami a Ann Rev. Biochem. 57. 505-518 [1988]; Old, L.J.,3£kAnL 258(5), 59- 
75 [1988]; Fiers, W. FEBS Lett. 285.(2), 199-212 [1991]). The induction of the various cellular 
responses mediated by TNF is initiated by its interaction with two distinct cell surface receptors, an 

5 approximately 55 kDa receptor termed TNF-R1 and an approximately 7 5 kDa receptor termed TNF- 
R2. Human and mouse cDNAs corresponding to both receptor types have been isolated and 
characterized (Loetscher, H. et al, Cell 6JL, 351 [1990]; Schall, T.J. et al, Ceil 6J., 361 [1990]; 
Smith, C.A. et al, Science 248, 1019 [1990]; Lewis, M. et al, Proc Natl. Acad. Sci. USA 88, 2830- 
2834 [1991]; Goodwin, R.G. et al, Mol. Cell. Biol. 11, 3020-3026 [1991]. Both TNF-Rs share the 

10 typical structure of cell surface receptors including extracellular, transmembrane and intracellular 
regions. The extracellularportions of both receptors are found naturally also as soluble TNF-binding 
proteins (Nophar, Y. et al, EMBO J. 2, 3269 [1990] and Kohno, T. et al, Proc. Natl. Acad. Sci. 
us A . 87,8331 [1 990]). The amino acid sequence of human TNF-R1 and the underlying nucleotide 
sequencearedisclosedinEP 417,563 (published 20 March 1991), whereas EP 418,014 (published 

15 20 March 1991) discloses the amino acid and nucleotide sequences of human TNF-R2. 

Both TNF receptors are independently active in signaling TNF responses. Direct signaling 
by TNF-R2 has been observed in lymphoid cells in which TNF-R2 stimulates the proliferation of 
thymocytes and a murine cytotoxic T cell line CT6 (Tartagliae/ al, Proc Natl. Acad. Sci. USA 88, 
20 9292-9296 [1991];Tartagliae/ al, J. Immunol. 151, 4637-4641 [1993]). BothTNF-Rl and TNF-R2, 
along with other members of the TNF receptor superfamily, e.g. CD40, have been shown to 

tmrxjcrmtion factor NF-kB (Lenardo & Baltimore, Cell 

iflUCpcIlUCllUj mv^uiaiC uiv uvti * v*. v^v »i * — r •---> v 

5£: 227-229 [1989]; Laegreid, A., et al, T. Biol. Chem. 2£9_, 7785-7791 [1994]; Rothe et al, Cdl 
28, 681-692 [1994]; Wiegmann et al, T. Biol. Chem. 262, 17997-18001 [1992]). NF-kB is a 
25 member of the Rel family of transcriptional activators that control the expression of a variety of 
important cellular and viral genes (Lenardo & Baltimore, sugm> md Thanos and Maniatis, Cell SO, 
529-532 [1995]). TNF-R2 also mediates the transcriptional induction of the granulocyte- 
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macrophage colony stimulating factor (GM-CSF) gene (Miyatake et al, EMBO J. 4: 2561-2568 
[1985]; Stanley et al, EMBQ J. 4: 2569-2573 [1985]) and the A20 zinc finger protein gene (Opipari 
et al, I Biol- Chem. 265 : 14705-14708 [1990]) in CT6 cells, and participates as an accessory 
component to TNF-R1 in the signaling of responses primarily mediated by TNF-R1, like 
cytotoxicity (Tartaglia, L.A. and Goeddel, D.V., Immunol. Today H, 151-153 [1992]). 

Recent research has lead to the isolation of polypeptide factors associated with the 
intracellular domain of the 75 kDa tumor necrosis factor receptor, TNF-R2 ("tumor necrosis factor 
receptor associated factors" or "TRAFs") which participate in the TNF-R2 signal transduction 
cascade. TRAF1 and TRAF2 were the first two identified members of this novel protein family 
containing a novel C-terminal homology region, the TRAF domain (Rothe et al, Cell 28, 681-692 
[1994]; U.S. application Serial No. 08/446,915 filed 22 May 1995 which is a continuation-in-part 
of application Serial No. 08/33 1,394 filed 28 October 1994 which, in turn, is a continuation-in-part 
of applicationSerialNo. 08/250,858 filed 27 May 1994). A further TRAF domain protein, TRAF3 
(originally termed CD40bp, CRAF, or LAP 1 ) has also been identified (Hu et al , I Biol. Chem. 262, 
30069 [1994]; Cheng et al, Science 267 . 1494 [1995], and Mosialos et al, Cell 80, 389 [1995]). 
TRAFs transduce signals from TNF-R2, CD40 and presumably from other members of the TNF 
receptor superfamily that also includes the low affinity nerve growth factor receptor, the Fas antigen, 
CD27, CD30, OX40, 4-1BB, and TNFR-RP (Rothe et al, supra; Hu et al, h Biol. Chem. 2f>2, 
30069-30072 [1994]; Cheng et al, Science 267, 1494-1498[1995];Mosialosera/.,CeU 80, 389-399 
[1995]; Rothe et al, Science , in press; Smith et al, Cell 26, 959-962 [1994]). In addition to the 

shared conserved C-terminai iiw uumam tnai is uivuAwu in c uu . 

oligomerization, TRAF2 and TRAF3 each contain an N-terminal RING finger domain and five zinc 
finger structures of weak sequence similarity. CD40 and TNF-R2 interact directly with TRAF2 and 
indirectly with TRAF1 via a TRAF2/TRAF1 heterodimer. TRAF2 (or the TRAF2/TRAF1 
heterodimer) is required for CD40- and TNF-R2-mediated activation of the transcription factor NF- 
kB. TRAF3 interacts with CD40 and self-associates, but does appear to not associate with TNF-R2, 
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TRAF1, or TRAF2. The role of TRAF3 in signal transduction is less well defined, but it may 
antagonize the effects of TRAF2 (Rothe et al, Science , in press). The TRAF proteins also interact 
with the C-terminal cytoplasmic domain of the Epstein-Barr virus transforming protein LMP1 
(Mosialos et al, £sli 80, 389 [1995]). LMP1 is a dominant oncogene that has multiple downstream 
5 e ffectsoncellgrowthandgeneexpression,atleastsomeofwhichrequireNF-KB activation (Laherty 
et aL. J. Biol. Chem. 267. 24157 [19921; Rowe et al, LVjrol 68, 5602 [1994]). TRAF2 is believed 
to be a common signal transducer for TNF-R2, CD40 and LMP1. 

Summary of the Invention 

10 The present invention is based on the identification, recombinant production and 

characterization of certain novel TRAF-interactingproteins named "inhibitorsof TRAF" (I-TRAFs). 
More specifically, the present invention is based on the isolation of cDNAs encoding various forms 
of murine and human I-TRAFs encoding proteins with no significant sequence similarity to any 
known protein, and on the expression and characterization of the encoded I-TRAF proteins. 

15 

In one aspect, the invention concerns purified I-TRAF proteins which inhibit the interaction 
of TRAFs with members of the TNF receptor superfamily, such as TNF-R2, CD40, and/or other 
cellular proteins with which TRAF proteins are normally, directly or indirectly, associated, such as 
LMP1. 

20 

In particular, the invention concerns an isolated I-TRAF polypeptide comprising the amino 
aciQ sequence 01 a. puiypcpuut acitvivu uvm mv 5^1*^ vui^^v»x 1£? — 

(a) a native sequence I-TRAF polypeptide, 

(b) a polypeptidehaving at least about 70% amino acid sequence identity with the TRAF- 
25 binding domain of a native sequence I-TRAF polypeptide and capable of inhibiting a TRAF- 

mediated signaling event, and 

Pa02106gd/am 4 



) 



PATENT DOCKET P0960R1D1 

(c) a fragment of a polypeptide of (a) or (b) capable of inhibiting a TRAF-mediated 
signaling event. 

Preferably, the I-TRAF polypeptides of the present invention have an at least about 60% 
5 overall amino acid sequence identity with a native sequence I-TRAF polypeptide. The I-TRAF 
polypeptides preferably comprise a fragment of a native mammalian I-TRAF protein that is 
necessary and sufficient for association with a native TRAF protein. More preferably, the I-TRAF 
polypeptides comprise a fragment of a native mammalian I-TRAF or a polypeptide sufficiently 
homologous to retain the ability of interacting with the TRAF domain of a native mammalian TRAF 
10 protein. Even more preferably, the I-TRAF polypeptides comprise the N-terminal portion of a native 
mammalian I-TRAF capable of interaction with a native TRAF, preferably TRAF2. The mammalian 
proteins are preferably human. 

In another aspect, the invention concerns an isolated nucleic acid molecule encoding I-TRAF 
15 proteins which inhibit the interaction of TRAFs with members of the TNF receptor superfamily, 
such as TNF-R2, CD40, and/or other intracellularproteins with which TRAF proteins are normally, 
directly or indirectly, associated, such as LMP1 . The nucleic acid preferably comprises a nucleotide 
sequence encoding a 413 or 447 amino acid murine I-TRAF protein (SEQ. ID. NOs: 1 and 3) or a 
425 amino acid human I-TRAF protein (SEQ. ID. NO: 5) or a functional derivative thereof, 
20 including the truncated murine protein shown in Fig. 1 (SEQ. ID. NO: 8). In another preferred 
embodiment, the nucleic acid is capable of hybridizing to the complement of any of the nucleic acid 

The invention further concerns vectors, cells and organisms comprising such nucleic acid. 

25 

In a further aspect, the invention concerns a screening assay for identifying molecules that 
modulate the I-TRAF/TRAF binding. Preferably, the molecules either prevent I-TRAF/TRAF 
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interaction or prevent or inhibit dissociation of I-TRAF/TRAF complexes. The assay comprises the 
incubation of a mixture comprising TRAF and I-TRAF with a candidate molecule and detection of 
the ability of the candidate molecule to modulate I-TRAF/TRAF binding, e.g. to prevent the 
interaction of I-TRAF with TRAF or to prevent or inhibit the dissociation of I-TRAF/TRAF 
5 complexes. The screened molecules preferably are small molecule drug candidates. 

In another aspect, the invention relates to an assay for identifying a molecule the signal 
transduction of which is mediated by the association of a TRAF with a cellular protein, comprising 
(a) incubating a mixture comprising a TRAF, and an I-TRAF with a candidate molecule, and (b) 
1 0 detecting the ability of the candidate molecule to release TRAF from the complex formed with I- 
TRAF a TRAF-mediated signaling event. 

In yet another aspect, the invention concerns a method of treating a tumor associated with 
Epstein-Barr virus comprising administering to a patient having developed or at risk of developing 
15 such tumor a therapeutically effective amount of an I-TRAF. Pharmaceutical compositions 
comprising an I-TRAF as an active ingredient are also within the scope of the present invention. 

The invention also concerns a method for modulating TRAF-mediated signal transduction 
in a cell comprising introducing into the cell a nucleic acid encoding an I-TRAF or a functional 
20 derivative. 

Brief Descriptio n of Drawings 

Figure 1 (a) shows the deduced amino acid sequences of murine and human I-TRAFs. The 
translation initiation codons of the murine I-TRAF a and -P splice variants are indicated by a and 
25 p , respectively. The splice junction is marked by an asterisk (*). All of the isolated human I-TRAF 
cDNA clones correspond to murine I-TRAFcc. The initiator methionine of human I-TRAF is 
preceded by an upstream in-frame stop codon not present in the murine I-TRAF a cDNA clones. 
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The amino acid sequences of two additional splice variants of mouse I-TRAFoc, ending in premature 
termination codons, are also listed. 

Figure 1 (b) shows the results of Northern blot analysis of I-TRAF mRNA in multiple mouse 

tissues. 

Figure 2 shows that I-TRAF associates with TRAF1, TRAF2 and TRAF3 in an in vitro 
binding assay. 

Figure 3 shows the results of Western blot analysis which demonstrate that I-TRAF blocks 
the association of TRAF2 with TNF-R2. 

Figure 4 illustrates the inhibitory effect of I-TRAF on activation of NF-kB. 

SEQ. ID. NO: 1 shows the amino acid sequence of the 413 aa murine I-TRAF (murine I- 
TRAFa), starting with the amino acid marked "a" in Figure 1. 

SEQ. ID. NO: 2 shows the nucleotide sequence of murine I-TRAF a. This sequence was 
obtained from a composite of several independent cloned sequenced. 

SEQ. ID. NO: 3 shows the additional 34 amino acids present in the sequence of the 447 aa 
murine I-TRAF (murine I-TRAF P), starting with the amino acid marked "p" in Figure 1. 

SEQ. ID. NO: 4 shows the nucleotide sequence encoding the additional 34 amino acids of 
murine I-TRAF p. 

SEQ. ID. NO: 5 shows the amino acid sequence of full-length human I-TRAF. 

SEQ. ID. NO: 6 shows the nucleotide sequence of full-length human I-TRAF. 

SEQ. ID. NO: 7 is the complete, unedited nucleotide sequence of one full length clone 
encoding murine I-TRAFcc (clone 8). 

SEQ. Id. inu: s is xnenucieouue sequence eucoomg oh. r — j — 

ending by the sequence VTVLH shown in Figure 1 (clone 23). 
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Detailed Description of the Invention 
A. Definitions 

The phrases "inhibitor of TRAF", "inhibitor of TRAF protein", "inhibitor of TRAF 
polypeptide", "I-TRAF protein", "I-TRAF polypeptide" and "I-TRAF" are used interchangeably and 

5 refer to a native sequence polypeptide which inhibits the interaction of a native TRAF with a cell 
surface receptor that triggers TRAF-mediated NF-kB activation cascades, such as a member of the 
TNF receptor superfamily (e.g. TNF-R2, CD40 and/or CD30) and/or with another cellular protein 
with which the native TRAF is normally (directly or indirectly) associated, provided that such I- 
TRAF polypeptide is other than a blocking antibody, and functional derivatives thereof. The I- 

10 TRAF protein preferably exerts its inhibitory function by binding to a TRAF protein, such as 
TRAF1, TRAF2 and/or TRAF3, keeping it in a latent state from which the TRAF protein can be 
released, for example, by ligand-induced receptor aggregation. The phrases "native sequence 
polypeptide" and "native polypeptide" and their grammatical variants are used interchangeably and 
designate a polypeptide as occurring in nature in any cell type of any human or non-human animal 

1 5 species, with or without the initiating methionine, whether purified from native source, synthesized, 
produced by recombinant DNA technology or by any combination of these and/or other methods. 
Native sequence I-TRAF polypeptides specifically include the 413 amino acid murine I-TRAF (I- 
TRAFa; SEQ. ID. NO: 1), the 447 amino acid murine I-TRAF (I-TRAF P; SEQ. ID. NO: 3), and 
the 425 amino acid human I-TRAF (SEQ. ID. NO: 5), and their additional, naturally occurring 

20 alternative splice and allelic variants. Native I-TRAF polypeptides from other mammalian species, 
such as porcine, canine, equine, etc. are also included. 

The phrases "TRAF", "TRAF protein" and "TRAF polypeptide" are used interchangeably 
and refer to a native sequence factor capable of specific association with the intracellular domain of 
25 a native member of the TNF receptor superfamily (such as TNF-R2, CD40 or CD30), and functional 
derivatives of such native factor. In the context of this definition, the phrase "specific association" 
is used in the broadest sense, and includes direct binding to a site or region within the intracellular 
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domain of a native TNF receptor superfamily member of the human or of any other animal species, 
and indirect association mediated by a further molecules, such as another TRAF. The phrase "native 
sequence factor" is defined in an analogous manner to the definition of "native sequence 
polypeptide" provided above. The native sequence TRAF polypeptides specifically include the 
native murine TRAF 1 and TRAF2 polypeptides disclosed in Rothe era/., Cell 28, 681-692 [1994]), 
TRAF3 as disclosed in Hu et al., supra; Cheng et al, supra; and Mosialos et al, supra, and their 
equivalents in human and other animal species. 

A "functional derivative" of a native polypeptide is a compound having a qualitative 
biological activity in common with the native polypeptide. For the purpose of the present invention, 
a "functional derivative" of a native I-TRAF is defined by its ability to inhibit the association of a 
TRAF with a member of the TNF receptor superfamily with which the TRAF is naturally associated, 
with the proviso that such functional derivatives are not (anti-TRAF or anti-TNF receptor 
superfamily member) blocking antibodies. Preferably, a functional derivative binds to a native 
TRAF polypeptide, such as TRAF1, TRAF2 and/or TRAF3 thereby (reversibly or irreversibly) 
preventing its interaction with cell surface receptors (e.g., TNF-R2, CD40, CD30) that trigger 
TRAF-mediated NF-kB activation cascades. In a particularly preferred embodiment, the prevention 
of TRAF-mediatedsignaling is reversible, and the TRAFs can be released from their latent, inhibited 
state, e.g. by ligand-mediated receptor aggregation. The functional derivatives preferably have at 
least about 60%, more preferably at least about 70%, even more preferably at least about 80%, most 
preferably at least about 90% overall amino acid sequence identity with a native sequence I-TRAF 

.. 1 f it.. t Tn at? nmforaWii tUe* -fiinptinnal Hf»rtVfltivP:S show 

polypeptide, preieraoiy a nunian i- 1 rc«.r . uvcn umv pviwuw; , — - — 

at least about 70%, more preferably at least about 80% and most preferably at least about 90% amino 
acid sequence identity with the TRAF-binding domain of a native sequence I-TRAF polypeptide. 
Fragments of native sequence I-TRAF polypeptides from various mammalian species and sequences 
homologous to such fragments constitute another preferred group of I-TRAF functional derivatives. 
Such fragments preferably include the N-terminal region of a native sequence I-TRAF which is 
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necessary and sufficient for TRAF binding, such as amino acids 35-236 of the mouse I-TRAF 
sequences represented in SEQ. ID. NO: 1 or 3, and the equivalent part of a human I-TRAF 
sequence, or show at least about 70%, more preferably at least about 80%, most preferably at least 
about 90% sequence identity with the TRAF-binding N-terminal portion of a native sequence I- 
5 TRAF. Another preferred group of I-TRAF functional derivatives is encoded by nucleic acid 
hybridizing under stringent conditions to the complement of nucleic acid encoding a native I-TRAF 
polypeptide. 

Functional derivativesof native TRAF polypeptides, as defined for the purpose of the present 
10 invention, are characterized by retaining the ability of native TRAFs to associate (directly or 
indirectly) with the intracellular domain of a member of the TNF receptor superfamily, such as TNF- 
R2, CD40 and/or CD30. Such TRAF functional derivatives preferably retain or mimic the region(s) 
within a native TRAF sequence that directly participate(s) in association with the intracellular 
domain of a TNF receptor superfamily member and/or in homo- or heterodimerization, along with 
1 5 the region(s) to which a native I-TRAF polypeptide binds. A preferred group of TRAF functional 
derivatives shows at least about 60%, more preferably at least about 70%, even more preferably at 
least about 80%, most preferably at least about 90% overall sequence identity with a native sequence 
TRAF. Other preferred functional derivatives are or comprise the conserved TRAF domains of 
native sequence TRAF proteins. Within this group, TRAF fragments comprising at least amino 
20 acids 264 to 501 of the native TRAF2 amino acid sequence are particularly preferred. Also 
preferred are TRAF variants which show at least about 70%, more preferably at least about 80%, 

. i>.„ii,..ii * _i * ono/_ nniA oaniipnM iAontitxr with th<» TR AF reoinn nf a native 

mOSt preleniOl Y ai ICilM auuui ou /o auuuv avm ow^uviiw ivtvuui; »t»u» ~ . ~ " ■ v e' — 5 ■ - 

sequence TRAF protein, preferably TRAF2. A further preferred group of TRAF functional 
derivatives is encoded by nucleic acid capable of hybridizing under stringent conditions to the 
25 complement of a native sequence TRAF polypeptide of any mammalian species, including humans. 
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"Identity" or "homology" with respect to a native polypeptide or polypeptide and its 
functional derivative herein is the percentage of amino acid residues in the candidate sequence that 
are identical with the residues of a corresponding native polypeptide, after aligning the sequences 
and introducinggaps, if necessary,to achieved the maximum percent homology, and not considering 
any conservative substitutions as part of the sequence identity. Methods and computer programs for 
the alignment are well known in the art, 

"Stringent conditions" can be provided in a variety of ways, such as by overnight incubation 
at 42°C in a solution comprising: 20% formamide, 5xSSC (150 mM NaCl, 15 mM trisodium 
citrate), 50 mM sodium phosphate (pH 7.6), 5x Denhardt's solution, 10% dextran sulfate, and 20 
A/g/ml denatured, sheared salmon sperm DNA. Alternatively, the stringent conditions are 
characterizedby a hybridization buffer comprising 30% formamide in 5x SSPE (0. 1 8 M NaCl, 0.0 1 
M NaP0 4 , pH 7.7, 0.0001 M EDTA) buffer at a temperature of 42°C, and subsequent washing at 
42° C with 0.2x SSPE. Preferably, stringent conditions involve the use of a hybridization buffer 
comprising 50% formamide in 5 x SSPE at a temperature of 42° C and washing at the same 
temperature with 0.2 x SSPE. 

An "isolated" polypeptideor nucleic acid is unaccompaniedwith at least some of the material 
with which it is associated in its native environment. An isolated polypeptide constitutes at least 
about 2% by weight, and preferably at least about 5% by weight of the total protein in a given 
sample. An isolated nucleic acid constitutes at least about 0.5 % by weight, and preferably at least 
about 5% by weight of the total nucleic acid present in a given sample. 

The term "antibody" is used in the broadest sense and specifically covers single monoclonal 
antibodies (including agonist and antagonist antibodies), antibody compositions with polyepitopic 
specificity, as well as antibody fragments (e.g., Fab, F(ab') 2 , and Fv), so long as they exhibit the 
desired biological activity. 
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The term "monoclonal antibody" as used herein refers to an antibody obtained from a 
populationof substantially homogeneous antibodies, i.e., the individual antibodies comprising the 
population are identical except for possible naturally occurring mutations that may be present in 
minor amounts. Monoclonal antibodies are highly specific, being directed against a single antigenic 
site. Furthermore, in contrast to conventional (polyclonal) antibody preparations which typically 
include different antibodies directed against different determinants (epitopes), each monoclonal 
antibody is directed against a single determinant on the antigen. In addition to their specificity, the 
monoclonal antibodies are advantageous in that they are synthesized by the hybridoma culture, 
uncontaminatedby other immunoglobulins. The modifier "monoclonal" indicates the character of 
the antibody as being obtained from a substantially homogeneous population of antibodies, and is 
not to be construed as requiring production of the antibody by any particular method. For example, 
the monoclonal antibodies to be used in accordance with the present invention may be made by the 
hybridoma method first described by Kohler & Milstein, Nature 256:495 (1975), or may be made 
by recombinant DNA methods [see, e.g. U.S. Patent No. 4,816,567 (Cabilly et a/.)]. 

The monoclonal antibodies herein specifically include "chimeric" antibodies 
(immunoglobulins) in which a portion of the heavy and/or light chain is identical with or 
homologous to correspondingsequences in antibodies derived from a particular species or belonging 
to a particular antibody class or subclass, while the remainder of the chain(s) is identical with or 
homologous to correspondingsequences in antibodies derived from another species or belonging to 
another antibody class or subclass, as well as fragments of such antibodies, so long as they exhibit 
the desired biological activity [U.S. Patent No. 4,816,567; Cabilly et al. ; Morrison a/., EiqsJM, 
ftr.aH.Sci. USA 81. 6851-6855 (1984)]. 

"Humanized" forms of non-human (e.g. murine) antibodies are chimeric immunoglobulins, 
immunoglobulin chains or fragments thereof (such as Fv, Fab, Fab', F(ab') 2 or other antigen-binding 
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subsequences of antibodies) which contain minimal sequence derived from non-human 
immunoglobulin. For the most part, humanized antibodies are human immunoglobulins (recipient 
antibody) in which residues from a complementary determining region (CDR) of the recipient are 
replaced by residues from a CDR of a non-human species (donor antibody) such as mouse, rat or 
5 rabbit having the desired specificity, affinity and capacity. In some instances, Fv framework 
residues of the human immunoglobulin are replaced by corresponding non-human residues. 
Furthermore, humanized antibody may comprise residues which are found neither in the recipient 
antibody nor in the imported CDR or framework sequences. These modifications are made to further 
refine and optimize antibody performance. In general, the humanized antibody will comprise 
10 substantially all of at least one, and typically two, variable domains, in which all or substantially all 
of the CDR regions correspond to those of a non-human immunoglobulin and all or substantially all 
of the FR regions are those of a human immunoglobulin consensus sequence. The humanized 
antibody optimally also will comprise at least a portion of an immunoglobulin constant region (Fc), 
typically that of a human immunoglobulin. For further details see: Jones et al , Nature 321, 522-525 
15 (1986); Reichmann et al, Nature 3J2, 323-329 (1988); Presta, Curr. Op T Struct. Bipl- 2 593-596 
(1992) and U.S. Patent No. 5,225,539 (Winter) issued July 6, 1993. 

A "vector" as defined for the purpose of the present invention refers to a DNA construct 
containing a DNA sequence which is operably linked to a suitable control sequence capable of 

20 effectingthe expression of the DNA in a suitable host. Such control sequences include a promoter 
to effect transcription, an optional operator sequence to control such transcription, a sequence 
encoding suitable mRNA ribosome binding sites, and sequences which control the termination of 
transcription and translation. The vector may be a plasmid, a phage particle, or simply a potential 
genomic insert. Once transformed into a suitable host, the vector may replicate and function 

25 independently of the host genome, or may, in some instances, integrate into the genome itself. In 
the present specification "plasmid" and "vector" are sometimes used interchangeably as the plasmid 
is the most commonly used form of vector at present. However, the invention is intended to include 
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such other forms of vectors which serve equivalent functions and which are, or become, known in 
the art. Preferred expression vectors for mammalian cell culture expression are based on pRK5 (EP 
307,247; Rothe et ai, Ceil, supra) and pSVI6B (PCT Publication No WO 91/08291). 

In the context of the present invention the expressions "cell", "cell line", and "cell culture" 
are used interchangeably, and all such designations include progeny. It is also understood that all 
progeny may not be precisely identical in DNA content, due to deliberate or inadvertent mutations. 
Mutant progeny that have the same function or biological property, as screened for in the originally 
transformed cell, are included. 

The "host cells" used in the present invention generally are prokaryotic or eukaryotic hosts. 
Such host cells are, for example, disclosed in U.S. Patent No. 5,108,901 issued 28 April 1992, and 
in copending application Serial No. 08/446,915 filed 22 May 1995 and its parent applications. 
Suitable prokaryotes include gram negative or gram positive organisms, for example E. coli or 
bacilli. A preferred cloning host is E. coli 294 (ATCC 31,446) although other gram negative or 
gram positive prokaryotes such as E. coli B, E. coli x 1 776 (ATCC 31,537), E. coli W3 1 1 0 (ATCC 
27,325), Pseudomonas species, or Serratia Marcesans are suitable. In addition to prokaryotes, 
eukaryotic microbes such as filamentous fungi and yeasts are suitable hosts for appropriate vectors 
of the invention. Saccharomycescerevisiae, or common baker's yeast, is the most commonly used 
among lower eukaryotic host microorganisms. However, a number of other genera, species and 
strains are commonly available and useful herein, such as those disclosed in the above-cited patent 

and patent applications. /\ prcierrcu yca^i au<uu 1O1 mv pwwu m»ci»v»ou »& ~.. v — 

cerevisiae HF7c (CLONTECH). 

Suitable host cells may also derive from multicellularorganisms. Such host cells are capable 
of complex processing and glycosylation activities. In principle, any higher eukaryotic cell culture 
is workable, whether from vertebrate or invertebrate culture, although cells from mammals such as 
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humans are preferred. Examples of invertebrate cells include plant and insect cells, see, e.g. Luckow 
et al , Rio/Technology & 47-55 (1 988); Miller et al in: Genetic Engineering, Setlow et al , eds., Vol. 
8 (Plenum Publishing, 1986), pp. 277-279; and Maeda et al, Nature 215, 592-594 (1985). Interest 
has been greatest in vertebrate cells, and propagation of vertebrate cells in culture (tissue culture) 
5 is per se known. See, Tissue Culture . Academic Press, Kruse and Patterson, eds. (1 973). Examples 
of useful mammalian host cell lines are monkey kidney CV1 line transformed by SV40 (COS-7, 
ATCC CRL 1651); human embryonic kidney cell line (293 or 293 cells subcloned for growth in 
suspensionculture, Graham et al, T Gen. Virol. 26, 59 [1977]); baby hamster kidney cells 9BHK, 
(ATCC CCL 10); Chinese hamster ovary cells/-DHFR(CHO, Urlaub and Chasin, Proc. Natl. Acad. 
10 Sci.USA 77, 4216 [1980]); mouse sertolli cells (TM4, Mather, Biol. Reprod. 22, 243-251 [1980]); 
monkey kidney cells (CV1 ATCC CCL 70); African green monkey kidney cells (VERO-76, ATCC 
CRL-1587);human cervical carcinoma cells (HELA, ATCC CCL 2); canine kidney cells (MDCK, 
ATCC CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human lung cells (W138, 
ATCC CCL75); human liver cells (Hep G2, HB 8065); mouse mammary tumor (MMT 060562, 
15 ATCC CCL51); TRI cells (Mather et al, AnnakN.V. Acad. Sci. 2S2, 44068 [1982]); MRC 5 cells; 
FS4 cells; and a human hepatoma cell line (Hep G2). Preferred host cells are human embryonic 
kidney 293 and Chinese hamster ovary cells. Particularly preferred for the present invention are the 
murine interleukin-2-dependentcytotoxicT cell line CT6, and the human embryonic kidney cell line 
293, which are maintained as described in Tartagliaer al, Proc, Natl Acad, Sci- USA ££, 9292-9296 
20 (1991) and Pennica et al, T Biol. Chem. 2£Z, 21 172-21 178 (1992). 

"Dissociation" is the process by which two molecules cease to interact: the process occurs 
at a fixed average rate under specific physical conditions. 

25 B. Identification and purification of native I-TRAFs 

The native I-TRAF polypeptides may, for example, be identified and purified from certain 
tissues which possess a TRAF (e.g. TRAF2) mRNA and to express it at a detectable level. Murine 
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I-TRAF can, for example, be obtained from the murine fetal liver stromal cell line 7-4 (FL; Rothe 
et al , Cell supra) or from murine peripheral lymph nodes (PLN; U.S. Patent No. 5,304,640 issued 
April 19, 1994). Human I-TRAF can, for example, be purified from human peripheral lymph nodes. 
I-TRAF mRNA is also present and expressed in brain, spleen, lung, liver, skeletal muscle, kidney 
and testis tissues (see Figure lb), along with TRAF, e.g. TRAF2 mRNAs. Native I-TRAFs can, for 
example, be identified and purified from tissues expressing their mRNAs based upon their ability 
to bind TRAF2 (or another TRAF, e.g. TRAF1). Native I-TRAFs will coprecipitated with 
immunoprecipitated TRAF2. In a preferred embodiment, radiolabeled TRAF2 or a derivative is 
immunoprecipitated with protein A-agarose (Oncogene Science) or with protein A-Sepharose 
(Pharmacia). The immunoprecipitate is then analyzed by autoradiography or fluorography, 
depending on the radiolabel used. The I-TRAF proteins will coprecipitate with the TRAF2 or its 
derivative, and can be further purified by methods known in the art, such as purification on an 
affinity column. For large-scale purification a scheme similar to that described by Smith and 
Johnson, Gene 67, 3 1-40 (1988) can be used. A cell lysate containing the I-TRAF(s) to be purified 
is applied to a glutathione-S-transferase (GST)-TRAF fusion protein affinity column. Protein(s) 
bound to the column is/are eluted, precipitated and isolated by SDS-PAGE under reducing 
conditioned visualized, e.g. by silver staining. GST gene fusion vectors (pGEX vectors) as well 
as kitsfor cloning and expressionofGST fusion systems are commercially available from Pharmacia 
(see Pharmacia Catalog, 1994, pages 133; and 142-143). 

C. Recombinant production of I-TRAF polypeptides 

Preferably, the I-TRAF polypeptides are prepared by standard recombinant procedures by 
culturing cells transfected to express I-TRAF polypeptide nucleic acid (typically by transforming 
the cells with an expression vector) and recovering the polypeptide from the cells. However, it is 
envisioned that the I-TRAF polypeptides may be produced by homologous recombination, or by 
recombinantproductionmethodsutilizingcontrolelements introduced into cells already containing 
DNA encoding an TRAF polypeptide. For example, a powerful promoter/enhancer element, a 
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suppressor, or an exogenous transcription modulatory element may be inserted in the genome of the 
intended host cell in proximity and orientation sufficient to influence the transcription of DNA 
encoding the desired I-TRAF polypeptide. The control element does not encode the I-TRAF 
polypeptide, rather the DNA is indigenous to the host cell genome. One next screens for cells 
making the polypeptide of this invention, or for increased or decreased levels of expression, as 
desired. General techniques of recombinant DNA technology are, for example, disclosed in 
Sambrook et al, Molecular Cloning A labora tory Manual. Second Edition (Cold Spring Harbor, 
New York: Cold Spring Harbor Laboratory Press) 1989. 

L Isolation of DNA encoding the T-TRAF polypeptides 

For the purpose of the present invention, DNA encoding a I-TRAF polypeptide may, for 
example, be obtained from cDNA libraries prepared from tissue believed to possess a TRAF mRN A 
and to express it at a detectable level. For example, cDNA library can be constructed by obtaining 
polyadenylatedmRNA from a cell line known to express a TRAF protein, and using the mRNA as 
a template to synthesize double stranded cDNA. Human and non-human cell lines and tissues 
suitable for this purpose have been listed hereinabove. Alternatively, DNA encoding new I-TRAF 
polypeptides can be obtained from cDNA libraries prepared from tissue known to express a 
previously identified I-TRAF polypeptide at a detectable level. The I-TRAF polypeptide genes can 
also be obtained from a genomic library, such as a human genomic cosmid library. 

Libraries, either cDNA or genomic, are screened with probes designed to identify the gene 
of interest or the protein encoded by it. For cDNA expression libraries, suitable probes include 
monoclonal and polyclonal antibodies that recognize and specifically bind to an I-TRAF 
polypeptide. For cDNA libraries, suitable probes include carefully selected oligonucleotide probes 
(usually of about 20-80 bases in length) that encode known or suspected portions of an I-TRAF 
polypeptide from the same or different species, and/or complementary or homologous cDNAs or 
fragments thereof that encode the same or a similar gene. Appropriate probes for screening genomic 
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DNA libraries include, without limitation, oligonucleotides, cDNAs, or fragments thereof that 
encode the same or a similar gene, and/or homologous genomic DNAs or fragments thereof. 
Screening the cDNA or genomic library with the selected probe may be conducted using standard 
procedures as described in Chapters 10-12 of Sambrook 
5 et al. , Molecular Cloning: A Laboratory Manual . New York, Cold Spring Harbor Laboratory Press, 
(1989). 

A preferred method of practicing this invention is to use carefully selected oligonucleotide 
sequences to screen cDNA libraries from various tissues. The oligonucleotide sequences selected 
10 as probes should be sufficient in length and sufficiently unambiguous that false positives are 
minimized. The actual nucleotide sequence(s) is/are usually designed based on regions of an I- 
TRAF which have the least codon redundance. The oligonucleotides may be degenerate at one or 
more positions. The use of degenerate oligonucleotides is of particular importance where a library 
is screened from a species in which preferential codon usage is not known. 

15 

The oligonucleotidemust be labeled such that it can be detected upon hybridization to DNA 
in the library being screened. The preferred method of labeling is to use ATP (e.g., y n ?) and 
polynucleotide kinase to radiolabel the 5' end of the oligonucleotide. However, other methods may 
be used to label the oligonucleotide, including, but not limited to, biotinylation or enzyme labeling. 

20 

cDNAs encoding I-TRAFs can also be identified and isolated by other known techniques of 
recombinant DNA technology, such as by direct expression cloning or by using the polymerase chain 
reaction (PCR) as described in U.S. Patent No. 4,683,195, issued 28 July 1987, in section 14 of 
Sambrook et al., Molecular Cloning: A Laboratory Manual , second edition, Cold Spring Harbor 
25 Laboratory Press. New York, 1 989, or in Chapter 1 5 of Current Protocols in Molecular Biology, 
Ausubel et al. eds., Greene Publishing Associates and Wiley-Interscience 1991. This method 
requires the use of oligonucleotide probes that will hybridize to DNA encoding an I-TRAF. 
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According to a preferred method for practicing the invention, the coding sequences for I- 
TRAF proteins can be identified in a recombinant cDNA library or a genomic DNA library based 
upon their ability to interact with TRAF proteins, e.g. TRAF2. For this purpose one can use the 
yeast genetic system described by Fields and co-workers [Fields and Song, Nature (London) MQ, 

5 245-246 (1989); Chien et al, Proc. Natl. Acad. Sci. USA 88, 9578-9582 (1991)] as disclosed by 
Chevray and Nathans [Proc. Natl. Acad. Sci. USA 89_, 5789-5793 (1992)]. Many transcriptional 
activators, such as yeast GAL4, consist of two physically discrete modular domains, one acting as 
the DNA-binding domain, while the other one functioning as the transcription activation domain. 
The yeast expression system described in the foregoing publications (generally referred to as the 

10 "two-hybrid system") takes advantage of this property, and employs two hybrid proteins, one in 
which the target protein is fused to the DNA-binding domain of GAL4, and another, in which 
candidate activating proteins are fused to the activation domain. The expression of a GALl-/acZ 
reporter gene under control of a GAL4-activated promoter depends on reconstitution of GAL4 
activity via protein-protein interaction. Colonies containing interacting polypeptides are detected 

15 with a chromogenic substrate for p-galactosidase. A complete kit (MATCHMAKER™) for 
identifying protein-proteininteractionsbetweentwo specific proteins using the two-hybrid technique 
is commercially available from Clontech. This system can also be extended to map protein domains 
involved in specific protein interactions as well as to pinpoint amino acid residues that are crucial 
for these interactions. Yeast two-hybrid cloning can be performed as described in Rothe et al, 

20 supra, using TRAF2 or its TRAF domain in the GAL4 DNA-binding domain vector pPC97 
(Chevray and Nathans, supra) as bait. 

Once the sequence is known, the gene encoding a particular I-TRAF polypeptide can also 
be obtained by chemical synthesis, following one of the methods described in Engels and Uhlmann, 
25 Anpew. Chem. Tnt. Ed. End. 21, 716 (1989). These methods include triester, phosphite, 
phosphoramidite and H-phosphonate methods, PCR and other autoprimer methods, and 
oligonucleotide syntheses on solid supports. 
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2^ Amino acid sequence variants of native T-TRAF proteins or fragments 
Amino acid sequence variants of native I-TRAFs and I-TRAF fragments are prepared by 
methods known in the art by introducing appropriate nucleotide changes into a native or variant I- 
TRAF DNA, or by in vitro synthesis of the desired polypeptide. There are two principle variables 
in the constructionsof amino acid sequence variants: the location of the mutation site and the nature 
of the mutation. With the exception of naturally-occurring alleles, which do not require the 
manipulation of the DNA sequence encoding the I-TRAF, the amino acid sequence variants of I- 
TRAF polypeptides are preferably constructed by mutating the DNA, either to arrive at an allele or 
an amino acid sequence variant that does not occur in nature. Methods for identifying target residues 
within native proteins and for making amino acid sequence variants are well known in the art, and 
are, for example, disclosed in U.S. Patent No. 5,108,901 issued 28 April 1992, and in copending 
application Serial No. 08/446,915 filed 22 May 1995 and its parent applications. The preferred 
techniques include alanine-scanning mutagenesis, PCR mutagenesis, cassette mutagenesis, the 
phageamid display method, details of which are also found in general textbooks, such as, for 
example, Sambrook et al, supra, and Current Protocols in Molecular Biol o g y, Ausubel et al. , eds., 
supra. 

A preferred group of the I-TRAF amino acid sequence variants of the present invention 
comprises the substitution, insertion and/or deletion of one or more amino acids in a region directly 
involved in TRAF-binding. Amino acid alterations within this region are expected to result in 
genuine changes in the I-TRAF/TRAF binding affinity and may yield variants with stronger or 
weaker binding affinity than native I-TRAFs, as desired. 

Naturally- occurring amino acids are divided into groups based on common side chain 
properties: 

(1) hydrophobic: norleucine, met, ala, val, leu, ile; 

(2) neutral hydrophobic: cys, ser, thr; 



Pa02106gd/am 



20 



PATENT DOCKET P0960R1D1 

(3) acidic: asp, glu; 

(4) basic: asn, gin, his, lys, arg; 

(5) residues that influence chain orientation: gly, pro; and 

(6) aromatic: trp, tyr, phe. 

5 

Conservative substitutions involve exchanging a member within one group for another 
member within the same group, whereas non-conservative substitutions will entail exchanging a 
member of one of these classes for another. Variants obtained by non-conservative substitutions are 
expected to result in more significant changes in the biological properties/function of the obtained 
10 variant. 

Amino acid sequence deletions generally range from about 1 to 30 residues, more preferably 
about 1 to 10 residues, and typically are contiguous. Deletions are preferably introduced into regions 
not directly involved in the interaction with TRAF, although deletions, optionally in combination 
1 5 with other types of mutations, in the TRAF-binding domain are also contemplated. 

Amino acid insertions include amino- and/or carboxyl-terminal fusions ranging in length 
from one residue to polypeptides containing a hundred or more residues, as well as intrasequence 
insertions of single or multiple amino acid residues. Intrasequence insertions (i.e. insertions within 

20 the I-TRAF protein amino acid sequence) may range generally from about 1 to 10 residues, more 
preferably I to 5 residues, more preferably 1 to 3 residues. Examples of terminal insertions include 
the I-TRAF polypeptides with an N-terminai methionyl residue, an artifact of its direct expression 
in bacterial recombinant cell culture, and fusion of a heterologous N-terminal signal sequence to the 
N-terminus of the I-TRAF molecule to facilitate the secretion of the mature I-TRAF from 

25 recombinant host cells. Such signal sequences will generally be obtained from, and thus 
homologous to, the intended host cell species. Suitable sequences include STII or Ipp for p, coli , 
alpha factor for yeast, and viral signals such as herpes gD for mammalian cells. 
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Other insertional variants of the native I-TRAF molecules include the fusion of the N- or C- 
terminusof the I-TRAF molecule to immunogenic polypeptides, e.g. bacterial polypeptides such as 
beta-lactamase or an enzyme encoded by the E. coli trp locus, or yeast protein, and C-terminal 
fusions with proteins having a long half-life such as immunoglobulin regions (preferably 
5 immunoglobulin constant regions to yield immunoadhesins), albumin, or ferritin, as described in 
WO 89/02922 published on 6 April 1989. For the production of immunoglobulin fusions see also 
US Patent No. 5,428,130 issued June 27, 1995. 

Since it is often difficult to predict in advance the characteristics of a variant TRAF, it will 
10 be appreciated that screening will be needed to select the optimum variant. For this purpose 
biochemical or other screening assays, such as those described hereinbelow, will be readily available. 

Preferred amino acid sequence variants of native sequence I-TRAF polypeptides have the 
sequences not required for TRAF-binding (e.g. most of amino acids from position 237 to the C- 
1 5 terminus of the murine I-TRAF sequence) deleted, leaving the TRAF-interacting region as the sole 
functionally intact domain. Such variants may additionally have amino acid substitutions, insertions 
and/or deletions within the TRAF-interacting region, in order to optimize their binding properties, 
stability or other characteristics. 

20 1 Insertion of DNA into a c loninp/expre.ssion vehicle 

Once the nucleic acid of a native or variant I-TRAF is available, it is generally ligated into 
a replicable expression vector for further cioning (amplification of the DNA) or expression. 

Expression and cloning vectors are well known in the art and contain a nucleic acid sequence 
25 that enables the vector to replicate in one or more selected host cells. The selection of an appropriate 
vector will depend on 1) whether it is to be used for DNA amplification or for DNA expression, 2) 
the size of the DNA to be inserted into the vector, and 3) the host cell to be transformed with the 
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vector. Each vector contains various components dependingon its function (amplification of DNA 
or expression of DNA) and the host cell for which it is compatible. The vector components 
generally include, but are not limited to, one or more of the following: a signal sequence, an origin 
of replication, one or more marker genes, an enhancer element, a promoter, and a transcription 
5 termination sequence. Suitable expression vectors, for use in combination with a variety of host 
cells, are well known in the art, and their preferred representatives have been listed hereinabove. 

The host cells are then transformed, cultured, and the gene amplification/expression is 
detected by methods well known in the art, such as those disclosed in Sambrook et al, supra, and 
1 0 Ausubel etai, supra. 

4, Isolation and purification o f the T-TRAF polypeptides 

The I-TRAF polypeptides are typically recovered from lysates of recombinant host cells. 
When I-TRAF is expressed in a recombinant host cell other than one of human origin, it is 

15 completely free of proteins or polypeptides of human origin. However, it is necessary to purify the 
I-TRAF protein from recombinant cell proteins or polypeptides to obtain preparations that are 
substantially homogenous to the I-TRAF. As a first step, the culture medium or lysate is centrifoged 
to remove particulate cell debris. The membrane and soluble fractions are then separated. The I- 
TRAF protein may then be purified from the soluble protein fraction. The following procedures are 

20 exemplary of suitable purification procedures: fractionation or immunoaffinity on ion-exchange 
columns; ethanol precipitation; reverse phase HPLC; chromatography on silica or on a cation 
exchange resin such as DEAE; chromatofocusing;SDS-PAGE; ammonium sulfate precipitation; gel 
filtration using, for example, Sephadex G-75; and protein A Sepharose columns to remove 
contaminant such as IgG. The preferred scheme for purifying native I-TRAFs from cells in which 

25 they naturally occur is equally suitable for the purification of recombinant I-TRAFs, including 
functional derivatives of the native molecules, from recombinant host cells. 
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D. Covalent modifications of I-TRAF polypeptides 

Covalent modifications of I-TRAF are included within the scope herein. Such modifications 
are traditionally introduced by reacting targeted amino acid residues of the I-TRAF with an organic 
derivatizing agent that is capable of reacting with selected sides or terminal residues, or by 
harnessing mechanismsof post-translationalmodificationsthat functionin selected recombinanthost 
cells. The resultant covalent derivatives are useful in programs directed at identifying residues 
importantfor biological activity.for immunoassays of the I-TRAF, or for the preparation of anti-I- 
TRAF antibodies for immunoaffinity purification. For example, complete inactivation of the 
biological activity of the protein after reaction with ninhydrin would suggest that at least one arginyl 
or lysyl residue is critical for its activity, whereafter the individual residues which were modified 
under the conditions selected are identified by isolation of a peptide fragment containing the 
modified amino acid residue. Such modifications are within the ordinary skill in the art and are 
performed without undue experimentation. 

Cysteinyl residues most commonly are reacted with a-haloacetates (and corresponding 
amines), such as chloroacetic acid or chloroacetamide, to give carboxymethyl or 
carboxyamidomethyl derivatives. Cysteinyl residues also are derivatized by reaction with 
bromotrifluoroacetone, a-bromo-P-(5-imidozoyl)propionic acid, chloroacetyl phosphate, N- 
alkylmaleimides,3-nitro-2-pyridyldisulfide, methyl 2-pyridyl disulfide, p-chloromercuribenzoate, 
2-chloromercuri-4-nitrophenol, or chloro-7-nitrobenzo-2-oxa-l,3-diazole. 

Histidyl residuesare derivatizedby reaction with diethylpyrocarbonateat pH 5.5-7.0 because 
this agent is relatively specific for the histidyl side chain. Para-bromophenacyl bromide also is 
useful; the reaction is preferably performed in 0.1 M sodium cacodylate at pH 6.0. 

Lysinyl and amino terminal residues are reacted with succinic or other carboxylic acid 
anhydrides. Derivatization with these agents has the effect of reversing the charge of the lysinyl 
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residues. Other suitable reagents for derivatizing a-amino-containing residues include imidoesters 
such as methyl picolinimidate; pyridoxal phosphate; pyridoxal; chloroborohydride; 
trinitrobenzenesulfonic acid; O-methylisourea; 2,4-pentanedione; and transaminase-catalyzed 
reaction with glyoxylate. 

Arginyl residues are modified by reaction with one or several conventional reagents, among 
them phenylglyoxal, 2,3-butanedione, 1,2-cyclohexanedione, and ninhydrin. Derivatization of 
arginine residues requires that the reaction be performed in alkaline conditions because of the high 
pK a of the guanidine functional group. Furthermore, these reagents may react with the groups of 
lysine as well as the arginine epsilon-amino group. 

The specific modification of tyrosyl residues may be made, with particular interest in 
introducing spectral labels into tyrosyl residues by reaction with aromatic diazonium compounds or 
tetranitromethane. Most commonly, N-acetylimidizole and tetranitromethane are used to form O- 
acetyl tyrosyl species and 3-nitro derivatives, respectively. Tyrosyl residues are iodinated using ,25 I 
or 13, I to prepare labeled proteins for use in radioimmunoassay. 

Carboxyl side groups (aspartyl or glutamyl) are selectively modified by reaction with 
carbodiimides(R'-N=C=N-R') such as l-cyclohexyl-3-(2-morpholinyl-4-ethyl) carbodiimide or 1- 
ethyl-3-(4-azonia-4,4-dimethylpentyl) carbodiimide. Furthermore, aspartyl and glutamyl residues 
are converted to asparaginyl and glutaminyl residues by reaction with ammonium ions. 

Glutaminyl and asparaginyl residues are frequently deamidated to the corresponding 
glutamyl and aspartyl residues. Alternatively, these residues are deamidated under mildly acidic 
conditions. Either form of these residues falls within the scope of this invention. 
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Other modifications include hydroxylationof prolineand lysine, phosphorylationof hydroxyl 
groups of seryl,threony lor tyrosyl residues, methylation of the a -amino groups of lysine, arginine, 
and histidine side chains (T.E. Creighton, Proteins: Structure and Molecular Properties, W.H. 
Freeman & Co., San Francisco, pp. 79-86 [1983]), acetylation of the N-terminal amine, and 
5 amidation of any C-terminal carboxyl group. The molecules may further be covalently linked to 
nonproteinaceous polymers, e.g. polyethylene glycol, polypropylene glycol or polyoxyalkylenes, 
in the manner set forth in U.S.S.N. 07/275,296 or U.S. patents 4,640,835; 4,496,689; 4,301,144; 
4,670,417; 4,791,192 or 4,179,337. 

1 o Derivatization with bifunctional agents is useful for preparing intramolecular aggregates of 

I-TRAFs with polypeptides as well as for cross-linking the I-TRAF polypeptide to a water insoluble 
support matrix or surface for use in assays or affinity purification. In addition, a study of interchain 
cross-links will provide direct information on conformational structure. Commonly used cross- 
linking agents include l,l-bis(diazoacetyl)-2-phenylethaneglutaraldehyde, N-hydroxysuccinimide 

15 esters, homobifunctional imidoesters, and bifunctional maleimides. Derivatizing agents such as 
methyl-3-[(p-azidophenyl)dithio]propioimidate yield photoactivatable intermediates which are 
capable of forming cross-links in the presence of light. Alternatively, reactive water insoluble 
matrices such as cyanogen bromide activated carbohydrates and the systems reactive substrates 
described in U.S. Patent Nos. 3,959,642; 3,969,287; 3,691,016; 4,195,128; 4,247,642; 4,229,537; 

20 4,055,635; and 4,330,440 are employed for protein immobilization and cross-linking. 

Certain post-iransiaiioiiiiiiinjuiii^*iuuiiaaie un. i^uum mv uwuvuv* ivwimvunui. 
on the expressed polypeptide. Glutaminyl and aspariginyl residues are frequently post- 
translationaUy deamidatedto the corresponding glutamyl and aspartyl residues. Alternatively, these 
25 residues are deamidated under mildly acidic conditions. Either form of these residues falls within 
the scope of this invention. 
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Other post-translational modifications include hydroxylation of proline and lysine, 
phosphorylation of hydroxyl groups of seryl, threonyl or tyrosyl residues, methylation of the <x- 
amino groups of lysine, arginine, and histidine side chains [T.E. Creighton, Proteins: Structure and 
Molecular Properties . W.H. Freeman & Co., San Francisco, pp. 79-86 (1983)]. 

5 

The TRAF may be entrapped in microcapsules prepared, for example, by coacervation 
techniques or by interfacial polymerization, in colloidal drug delivery systems (e.g. liposomes, 
albumin microspheres, microemulsions, nano-particles and nanocapsules), or in macroemulsions. 
techniques are disclosed in Remington's Pharmaceutical Sciences, 16th Edition, Osol, A., Ed. 
10 (1980). 

E. Use of I-TRAF polypeptides and nucleic acid encoding them 

The nucleic acids encoding the I-TRAF polypeptides of the present invention find a variety 
15 of applications on their own, including use as translatable transcripts, hybridization probes for 
identifying nucleic acid encoding I-TRAFs from other species and/or structurally related 
polypeptides, PCR primers, and therapeutic nucleic acids, including gene therapy applications. 
In gene therapy applications, genes are introduced into cells in order to achieve in vivo synthesis of 
a therapeutically effective genetic product, for example for replacement of a defective gene. "Gene 
20 therapy" includes both conventional gene therapy where a lasting effect is achieved by a single 
treatment, and the administrationof gene therapeutic agents, which involves the one time or repeated 
administration of a therapeutically effective DNA or mRNA. Antisense RNAs and DNAs can be 
used as therapeutic agents for blocking the expression of certain genes in vivo. It has already been 
shown that short antisense oligonucleotides can be imported into cells where they act as inhibitors, 
25 despite their low intracellular concentrations caused by their restricted uptake by the cell membrane. 
(Zamecnikc/ al, Proc. Natl. Acad. Sri. USA £1, 4143-4146 [1986]). The oligonucleotides can be 
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modified to enhance their uptake, e.g. by substituting their negatively charged phosphodiestergroups 
by uncharged groups. 

There are a variety of techniques available for introducing nucleic acids into viable cells. The 

5 techniques vary depending upon whether the nucleic acid is transferred into cultured cells in vitro, 
or in vivo in the cells of the intended host. Techniques suitable for the transfer of nucleic acid into 
mammalian cells in vitro include the use of liposomes, electroporation, microinjection, cell fusion, 
DEAE-dextran, the calcium phosphate precipitation method, etc. The currently preferred in vivo 
gene transfer techniques include transfection with viral (typically retroviral) vectors and viral coat 

1 0 protein-liposomemediated transfection (Dzau et al. , Trends in Biotechnology U, 205-2 1 0 [1 993]). 
In some situations it is desirable to provide the nucleic acid source with an agent that targets the 
target cells, such as an antibody specific for a cell surface membrane protein or the target cell, a 
ligand for a receptor on the target cell, etc. Where liposomes are employed, proteins which bind to 
a cell surface membrane protein associated with endocytosis may be used for targeting and/or to 

1 5 facilitate uptake, e.g. capsid proteins or fragments thereof tropic for a particular cell type, antibodies 
for proteins which undergo internalization in cycling, proteins that target intracellular localization 
and enhance intracellular half-life. The technique of receptor-mediatedendocytosis is described, for 
example, by Wu et al. , J. Riol.Chem. 262, 4429-4432 (1987); and Wagner et al. , Proc. Natl. Acad. 
Sci. USA 82, 3410-3414 (1 990). For review of the currently known gene marking and gene therapy 

20 protocols see Anderson et al. , Science 256, 808-8 1 3 (1 992). 

The I-TRAF polypeptides are useful in assays for identifying lead compounds for 
therapeutically active agents that modulate I-TRAF/TRAF binding. Specifically, lead compounds 
that either prevent the formation of I-TRAF/TRAF complexes or prevent or inhibit dissociation of 
25 the I-TRAF/TRAF complexes already formed can be conveniently identified. Molecules preventing 
the interaction of I-TRAF and TRAF may find utility under circumstances when boosting of the 
immune system is desirable. Inhibitors of the dissociation of I-TRAF/TRAF complexes may be 
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useful as immunosuppressants or antiinflammatory agents. Screening assays can also be designed 
to find lead compounds that mimic the biological activity of a native ligand of a TNF receptor 
superfamily member with which a TRAF proteinis associated, e.g. TNF,CD40 ligand, CD30 ligand, 
etc. These screening methods involve assaying the candidate agents for their ability to release 
5 TRAFs from I-TRAF inhibition. 

The screening assays of the present invention are amenable to high-throughput screening of 
chemical libraries, and are particularly suitable for identifying small molecule drug candidates. 
Small molecules, which are usually less than 10 K molecular weight, are desirable as therapeutics 
10 since they are more likely to be permeable to cells, are less susceptible to degradation by various 
cellular mechanisms, and are not as apt to elicit an immune response as proteins. Small molecules 
include but are not limited to synthetic organic or inorganic compounds. Many pharmaceutical 
companies have extensive libraries of such molecules, which can be conveniently screened by using 
the assays of the present invention. 

15 

The assays can be performed in a variety of formats, including protein-protein binding 
assays, biochemical screening assays, immunoassays, cell based assays, etc. Such assay formats are 
well known in the art. 

20 The assay mixture typically contains an I-TRAF and a TRAF protein with which I-TRAF 

is normally associated (e.g. TRAF2 or TRAF3), usually in an isolated, partially pure or pure form. 

fnr 

une or doui oi these components may uc luscu iO anuuiu pvpuav «i ^ij^^u^, >.uivu Jt 
example, provide or enhance protein-proteinbinding, improve stability under assay conditions, etc. 
In addition, one of the components usually comprises or is coupled to a detectable label. The label 
25 may provide for direct detection by measuring radioactivity, luminescence, optical or electron 
density, etc., or indirect detection such as an epitope tag, an enzyme, etc. The assay mixture 
additionally comprises a candidate pharmacological agent, and optionally a variety of other 
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components, such as salts, buffers, carrier proteins, e.g. albumin, detergents, protease inhibitors, 
nuclease inhibitors, antimicrobial agents, etc., which facilitate binding, increase stability, reduce 
non-specific or background interactions, or otherwise improve the efficiency or sensitivity of the 
assay. 

5 

To screen for inhibitors of I-TRAF/TRAF binding, the assay mixture is incubated under 
conditions whereby, but for the presence of the candidate pharmacological agent, the I-TRAF 
specifically binds the TRAF protein with a reference binding affinity. The mixture components can 
be added in any order that provides for the requisite binding. Incubation may be performed at any 

1 0 temperature which facilitates optimal binding, typically between about 4° and 40°C, more commonly 
between about 15° and 40°C. Incubation periods are likewise selected for optimal binding but also 
minimized to facilitate rapid, high-throughput screening, and are typically between about 0. 1 and 
1 0 hours, preferably less than 5 hours, more preferably less than 2 hours. After incubation, the effect 
of the candidate pharmacological agent on the I-TRAF/TRAF binding is determined in any 

1 5 convenient way. For cell-free binding-type assays, a separation step is often used to separate bound 
and unbound components. Separation may, for example, be effected by precipitation (e.g. TCA 
precipitation, immunoprecipitation, etc.), immobilization (e.g. on a solid substrate), followed by 
washing. The bound protein is conveniently detected by taking advantage of a detectable label 
attached to it, e.g. by measuring radioactive emission, optical or electron density, or by indirect 

20 detection using, e.g. antibody conjugates. 

rv j„,..u:~u :_u:u:+ ^- ,™* tUa, Alc-ennotinn /vf the T-TP AF/TR A F cr»nir»lftves 

V^OlllUUUllCld wHlCll llilllDll VI yiwvviu vi iw uijdwiuvivu v/a. * i*w»-*f - - — ■ v y . — — 

be conveniently identified by forming the I-TRAF/TRAF complex in the absence of the candidate 
pharmacological agent, adding the agent to the mixture, and changing the conditions such that, but 
25 for the presence of the candidate agent, TRAF would be released from the complex. This can, for 
example, be achieved by changing the incubation temperature or by adding to the mixture a 
compound which, in the absence of the candidate pharmacological agent, would release TRAF from 
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its complexed form. As an example, this compound can be a native ligand the signal transduction 
of which is mediated by TRAF, e.g. TNF, a CD40 ligand, a CD30 ligand, etc. The concentration 
of the free or bound TRAF can then be detected and/or the dissociation constant of the I- 
TRAF/TRAF complex can be determined and compared with that of the control. 

5 

In order to identify lead compounds for therapeutically active agents that mimic the 
biological activity of a native ligand of a TNF receptor superfamily member with which a TRAF 
protein is associated (e.g. TNF, CD40 ligand, CD30 ligand, etc.), the candidate agent is added to a 
mixture of I-TRAF and TRAF (e.g. TRAF2 or TRAF3). The mutual ratio of the TRAF protein and 

1 0 the cellular protein and the incubation conditions are selected such that I-TRAF/TRAF complexes 
are formed prior to the addition of the candidate agent. Upon addition of a candidate agent, its 
ability to release TRAF from the I-TRAF/TRAF complex is tested. The typical assay conditions, 
e.g. incubation temperature, time, separation and detection of bound and unbound material, etc. are 
as hereinabove described. In a particular version of this assay, the assay mixture additionally 

1 5 contains a cellular protein with which the TRAF is normally associated (e.g. TNF-R2 or CD40), and 
the mutual ratio of the TRAF protein and the cellular protein and the incubation conditions are 
selected such that TRAF signaling does not occur prior to the addition of the candidate ligand 
analog. Upon addition of the candidate molecule, its ability to initiate a TRAF-mediated signaling 
event is detected. As an end point, it is possible to measure the ability of a candidate agent to induce 

20 TRAF-mediatedNF-KB activation in a conventional manner. According to a preferred method, an 
NF-xB-dependent reporter gene, such as an E-selectin-luciferase reporter construct (Schindler and 
Baichwal, Mol. Cell. Biol. 14, 5820 [1994]), is used in a cell type assay. Luciferase activities are 
determined and normalized based on p-galactosidase expression. Alternatively, NF-kB activation 
can be analyzed by electrophoretic mobility shift assay (Schutze et ai, Cell 21, 765-776 [1992]). 

25 However, other conventional biochemical assays are equally be suitable for detecting the release of 
TRAF from its complexed (and inhibited) form. 
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Based upon their ability to bind TRAFs, the I-TRAF polypeptides of the present invention 
can be used to purify native and variant TRAFs and their functional derivatives, which, in turn, are 
useful for the purification of TNF-R2, CD40 and other members of the TNF receptor superfamily 
to which they specifically bind. Members of the TNF receptor superfamily are promising candidates 
5 for the treatment of a variety of pathological conditions, for example, TNF-R2 (either as a soluble 
protein or as a TNF-R2-Ig immunoadhesin) is in clinical trials for the treatment of endotoxic (septic 
shock) and rheumatoid arthritis (RA). 

The I-TRAF molecules of the present invention may additionally be used to generate 
10 blocking (antagonist) or agonist anti-I-TRAF antibodies, which block or mimic the ability of I- 
TRAF to inhibit TRAF-mediated signal transduction. Generic methods for generating antibodies 
are well known in the art and are, for example, described in the textbooks and other literature 
referenced hereinbefore in connection with the definition of antibodies and concerning general 
techniques of recombinant DNA technology. 

15 

The I-TRAF molecules (including functional derivatives of native I-TRAFs) are also useful 
as therapeutics for the treatment of pathological conditions associated with downstream effects of 
the oncogene LMP1 on cell growth and gene expression. LMP1 is an Epstein-Barr virus 
transforming protein which is believed to play an important role in the development of tumors 

20 associated with EB virus, such as Burkitt's lymphoma (cancer of B lymphocytes) which has high 
incidence in West Africa and Papua New Guinea, and nasopharyngeal carcinoma, which is most 
common in Southern China and Greenland. Based upon their ability to block TRAF-mediated 
signaling through LMP1, the I-TRAFs of the present invention may inhibit the downstream effects 
of LMP1, including LMPl-mediated NF-kB activation, and are, optionally in combination with 

25 other cancer therapies, promising agents for the treatment of these types of cancers. 
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The in vivo efficacy of the treatment of the present invention can be studied against 
chemically induced tumors in various rodent models. Tumor cell lines propagated in in vitro cell 
cultures can be introduced in experimental rodents, e.g. mice by injection, for example by the 
subcutaneous route. Techniques for chemical inducement of tumors in experimental animals are 
well known in the art. 

The treatment of the present invention may be combined with known tumor therapies, such 
. as radiation therapy, chemotherapy, and immunotoxin therapy. 

Therapeutic compositions comprising the I-TRAF polypeptides of the present invention, 
including functional derivatives, are prepared for storage by mixing the active ingredient having the 
desired degree of purity with optional physiologically acceptable carriers, excipients or stabilizers 
(Remington'sPharmaceuticalSciences 16th Edition, Osol, A. Ed. 1980) in the form of lyophilized 
formulations or aqueous solutions. Acceptable carriers, excipients or stabilizers are nontoxic to 
recipients at the dosages and concentrations employed, and include buffers such as phosphate, citrate 
and other organic acids; antioxidants including ascorbic acid; low molecular weight (less than about 
1 0 residues) polypeptides;proteins, such as serum albumin, gelatin or immunoglobulins;hydrophilic 
polymers such as polyvinylpyrrolidone,amino acids such as glycine, glutamine, asparagine, arginine 
or lysine; monosaccharides, disaccharides and other carbohydrates including glucose, mannose, or 
dextrins; chelating agents such as EDTA; sugar alcohols such as mannitol or sorbitol; salt-forming 
counterions such as sodium; and/or nonionic surfactants such as Tween, Pluronics or PEG. 

The active ingredients may also be entrapped in microcapsules prepared, for example, by 
coacervation techniques or by interfacial polymerization, for example, hydroxymethylcellulose or 
gelatin-microcapsulesandpoly-(methylmethacylate)microcapsules,respectively), in colloidal drug 
delivery systems (for example, liposomes, albumin microspheres, microemulsions, nano-particles 
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and nanocapsules) or in macroemulsions. Such techniques are disclosed in Remington's 
Pharmaceutical Sciences, supra. 

The formulations to be used for in vivo administration must be sterile. This is readily 
accomplished by filtration through sterile filtration membranes, prior to or following lyophilization 
and reconstitution. 

Therapeutic compositions herein generally are placed into a container having a sterile access 
port, for example, an intravenous solution bag or vial having a stopper pierceable by a hypodermic 
injection needle. 

The route of administration is in accord with known methods, e.g. injection or infusion by 
intravenous, intraperitoneal, intracerebral, intramuscular, intraocular, intraarterial or intralesional 
routes, topical administration, or by sustained release systems. 

Suitable examples of sustained release preparations include semipermeable polymer matrices 
in the form of shaped articles, e.g. films, or microcapsules. Sustained release matrices include 
polyesters, hydrogels, polylactides (U.S. Patent 3,773,919, EP 58,481), copolymers of L-glutamic 
acid and gamma ethyl-L-glutamate (U. Sidman et gl., Biopolymers 22 (1): 547-556 [1983]), poly 
(2-hydroxyethyl-methacrylate) (R. Langer, et al„ ,T Biomed. Mater. Res. 11: 167-277 [1981] and 
R. Langer, Chem.Tech. 12: 98- 1 05 [1 982]), ethylene vinyl acetate (R. Langer et aU Id.) or poly-D-(- 
)-3-hydroxybutync acid (EP lii,y»»;. susiamea relctisc cuiupOMuun» aiou n-vmu. a^^o^^.. 
Liposomes containing a molecule within the scope of the present invention are prepared by methods 
known perse: DE 3,218,121; Epstein g£g£, PjQ£ Natl. Acad. Sci. USA 82: 3688-3692(1985); 
Hwang et gl. , ECS N.ri Acad. Sci. USA 22: 4030-4034 (1 980); EP 52322; EP 36676A; EP 88046; 
EP 143949; EP 142641; Japanese patent application 83-118008; U.S. patents 4,485,045 and 
4,544,545; and EP 102,324. Ordinarily the liposomes are of the small (about 200-800 Angstroms) 
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unilamelartype in which the lipid content is greater than about 30 mol. % cholesterol, the selected 
proportion being adjusted for the optimal NT-4 therapy. 

An effective amount of the active ingredient will depend, for example, upon the therapeutic 
5 objectives, the route of administration, and the condition of the patient. Accordingly, it will be 
necessary for the therapist to titer the dosage and modify the route of administration as required to 
obtain the optimal therapeutic effect. A typical daily dosage might range from about 1 ug/kg to up 
to 100 mg/kg or more, depending on the factors mentioned above. Typically, the clinician will 
administer a molecule of the present invention until a dosage is reached that provides the required 
1 0 biological effect. The progress of this therapy is easily monitored by conventional assays. 

Further details of the invention will be apparent from the following non-limiting examples. 
Example 1 

15 Cloning of murine and human I-TRAFs 

I-TRAF was identified in a yeast two-hybrid screening system (Fields and Song, Nature 340, 
245-246 [1989]) as described (Rothe et al, Cell 78 681-692 [1994]), using full length TRAF2 in the 
GAL4 DNA-binding domain vector pPC97 (Chevray and Nathans, Proc. Natl. Acad. Sci. USA 82, 
5789-5793 [1992]) as bait. A plasmid cDNA library in the GAL4 transcriptional activation domain 

20 vector pPC86 (Chevray and Nathans, supra) was constructed from Sa/I-Afo/I-adapted, double- 
stranded fetal liver stromal cell line 7-4 cDN A (FL, Rothe et al. , supra) and murine peripheral lymph 
nodes (FLiN; pro viaeaoy P. ioung,u. DowoenKO, aiiu l>. i^asKy, u.o. raicmiw. jPut,utu i^Suwu 
April 19, 1994). Transformation efficiencies for the two libraries were 10 and 1 million, 
respectively. Restriction mapping of 24 positive clones indicated that most were derived from the 

25 same gene. Four FL and two PLN cDNA clones were sequenced on a 373A automated DNA 
sequencer (Applied Biosystems). The 5' ends of six additional murine I-TRAF DNA clones isolated 
by screening a CT6 cDNA library prepared in A.gt22a were also sequenced (Rothe et al , supra). The 
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isolated cDNAs corresponded to several distinct transcripts of the murine I-TRAF gene. Due to 
alternative splicing, these transcripts have the potential to utilize two different translation initiation 
codons. The two major forms of murine I-TRAF mRNA are predicted to encode proteins of 41 3 and 
447 amino acids that we have termed I-TRAFcc and I-TRAF p, respectively (Figure la; SEQ. ID. 
NOs: 1 and 2). 

Five human I-TRAF cDNA clones, obtained by screening a Xgtl 1 HUVEC cDNA library 
(Hsu et aU Cell 81, 495-504 [1995]) with a murine I-TRAF probe, were sequenced. All isolated 
human I-TRAF cDNAs encode a full length 425 amino acid protein (M r 48 K) that shows a 82% 
amino acid identity to murine I-TRAF a (Figure la). Database searches failed to reveal any proteins 
having significant sequence similarity to I-TRAF. Northern blot analysis using mRNA from mouse 
tissues indicated that the -2.4 kb I-TRAF mRNA is ubiquitously expressed (Figure lb). The 
multiple tissue blot (Clontech) was hybridized with a murine I-TRAF cDNA probe according to the 
Clontech protocol. I-TRAF mRNA is the band at -2.4 kb. 

Murine and human I-TRAF cDNA sequences have been deposited in GenBank and in the 
American Type Culture Collection (ATCC), 12301 Parklawn Drive, Rockville, MD, USA, under 
accession numbers and, respectively. 



Example 2 

Characteri sation of I-TRAF 



(1) Two-hvhrid b inding assay 

Inspection of the various I-TRAF cDNAs obtained by two-hybrid screening indicated that 
the N-terminal portion of murine I-TRAF (amino acids 35-236) is sufficient for interaction with 
TRAF2. Further two-hybrid experiments were performed to determine which portion of TRAF2 is 
required for interaction with I-TRAF. Yeast HF7c cells were cotransformed with an expression 
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vector encoding a Gall4 activation domain-I-TRAF fusion protein and the indicated Gal4 DNA- 
binding domain expression vectors (Rothe et al, supra). Each transformation mixture was plated 
on a synthetic dextrose plate lacking leucine and tryptophan. Filter assays for (3-galactosidase 
activity were performed to detect interaction between fusion proteins (Fields and Song, supra). The 
data are presented in Table 1 below. 

TABLE 1 Interactions between I-TRAF and TRAFs, TNF-R2 



DNA-binding domain hybrid 


Activation domain hybrid 


Interaction* 




I-TRAF 




TRAF1 


I-TRAF 


++ 


TRAF2 


I-TRAF 


++ 


TRAF2(87-501) 


I-TRAF 


++ 


TRAF3 


I-TRAF 


+ 


TNF-R2 


I-TRAF 





* Double plus and plus signs indicate strong blue color development within 30 minutes and one hour 
of the assay, respectively. Minus sign indicates no development of color within 24 hours. 

The results show that only the conserved TRAF domain (amino acids 264-501) of TRAF2 
is required for interaction with I-TRAF. Furthermore, both TRAF 1 and TRAF3 also associate with 
I-TRAF. 



(2) In vitro binding assay 

The interactions of 35 S-labeled TRAF1 (Rothe et al, supra), TRAF2 (Rothe et al, supra), 
TRAF3 (Hu et al, supra), TNF-R2 (Smith et al, Science 24S, 1019-1023 [1990]), and TRADD 
(Hsu et al, Cell &i, 495-504 [1995]) with I-TRAFoc expressed as a glutathione-S-transferase(GST) 
fusion protein (GST-I-TRAF)and control GST protein were examined. GST-I-TRAF was expressed 
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using the pGEX3X vector (Pharmacia) and purified as described (Smith and Johnson, Gene 67_ 3 1- 
40 [1988]). 35 S-labeled proteins were generated using TNT coupled reticulocyte lysate system 
(Promega) and the various cDN As cloned in pBluescriptKS (Stratagene)or pRK5 (Schallef al, £§11 
61, 361-370 [1990]). For each binding assay, 0.5 ug GST-I-TRAF or 0.5 ug GST bound to 
glutathione Sepharose beads was incubated with equivalent cpm of the individual 35 S-labeled 
proteins in 1 ml of El A buffer (50 mM HEPES [pH 7.6], 250 mM NaCl, 0. 1 % NP-40, 5 mM EDTA) 
at 4 oC for 1 hour. Beads were washed six times with El A buffer and precipitates were fractionated 
by 10% SDS-PAGE. The gel was dried and exposed to Kodak X-ray film. By this assay, I-TRAF 
was found to specifically interact with TRAF1, TRAF2, and TRAF3. 

Results from both two-hybrid and in vitro binding experiments show that I-TRAF interacts 
more strongly with TRAF1 and TRAF2 than with TRAF3. 

(3) Three-hvbrid interaction test 

I-TRAF does not directly interact with TNF-R2 (Table 1 ). However, as TRAF 1 and TRAF2 
form a complex with TNF-R2, it was important to ask if I-TRAF can indirectly associate with TNF- 
R2 viaTRAFs. A three-hybrid interaction test (Rothe et al, supra) was performed to address this 
question. Whereas TRAF2 can bind simultaneously to TRAF1 and TNF-R2 (Rothe et al, supra), 
it was not able to mediate I-TRAF interaction with TNF-R2. In fact, I-TRAF expression in yeast 
was found to inhibit the association of TRAF2 with TNF-R2 (data not shown). This result is 
consistent with I-TRAF and TNF-R2 both binding to the same C-terminal TRAF domain of TRAF2. 

(4) Inhibition of TR AF2:TNF-R2 interaction in mammalian cells 

The observed inhibitory effect of I-TRAF on the TRAF2:TNF-R2 interaction was further 
investigated in mammalian cells. TRAF2 and I-TRAF were expressed as full length proteins 
containing N-terminal FLAG epitope tags (Kodak) using the cytomegalovirus-based expression 
vector pRK5 (Schall et al. , supra). Human embryonic kidney 293 cells (2x1 0 6 ) were seeded on 1 50 
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mm dishesandtransfectedCAusubele/a/., Oirr Prot. MoL Biol. 1, 9.1.1-9.1.3 [1994]) the following 
day with pRK-TRAF2 (0 or lug) expression vector (Rothe et al, Science in press; copending 
application Serial No. 08/446,915 filed 22 May 1995) and increasing amounts of pRK-FLAG-I- 
TRAF (0, 1, 3, or 9 ug) expression vector. Cells were incubated at 37°C for 24 hours, and lysed in 
0.5 ml El A buffer. 450 ul aliquots of the lysates were incubated with 10 ul GST-TNF-R2 fusion 
pro tem(RoAeera/.,£elU«/^ 

Sepharose beads for 1 5 minutes at 4 °C. The beads were washed three times with 0.6 ml El A buffer 
and bound proteins fractionated by 8% SDS-PAGE and transferred to a nitrocellulose membrane. 
Western blot analysis was performed using an anti-FLAG monoclonal antibody M2 (Kodak) and 
horseradish peroxidase-coupledrabbit anti-mouse immunoglobulin(Amersham). Detection was by 
enhanced chemiluminescenceaccording to the Amersham protocol. Western blot analysis of 50 ul 
aliquots of the lysates indicated that TRAF2 expression levels were similar in all samples transfected 
with pRK-TRAF2 (data not shown). Coexpression of TRAF2 with increasing amounts of I-TRAF 
effectively blocked the TRAF2:TNF-R2 interaction (Figure 3). Furthermore, no I-TRAF was 
precipitatedby the TRAF2:TNF-R2 complex. These results show that TRAF2 us not able to bind 
TNF-R2 and I-TRAF simultaneously, possibly due to binding sites that are overlapping. 

The ability of I-TRAF to bind the three known TRAF family members raised the intriguing 
possibility that I-TRAF functions as a general regulator of TRAF-mediated signaling events. 
Furthermore, the observed inhibitor effect of I-TRAF on TRAF2 :TNF-R2 interaction suggested that 
I-TRAF expression might negatively influence TRAF2 signal transduction. Consequently, we 
measured the effect of I-TRAF expression on TRAF2-mediated NF-kB activation. 

(5) The, inhibitory effect of 1-TRAF on acti vation of NF-kB 

Human embryonic kidney 293 cells were seeded at 2 x 10 5 cells/well on 6-well (35 mm) 
di±crantitnn^^(A»c»i^u^/ r,,rr Prot. MqL Biol- 1. 9. 1. 1-0.1. 3 [1 9941) the folio wing day 
with (a) 0.5 ug pRK-TRAF2 (Rothe et al., Science in press; copending application Serial No. 
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08/446,91 5) (b) 1 ng pCDM8-CD40 (Rothe et al, Science supra; copending application Serial No. 
08/446,915),or(c) 0. 1 ug pRK5mTNF-R2 (Lewis et al, Proc, Natl Acad, $ci. USA 8J, 2830-2834 
[1991]), and increasing amounts of pRK-I-TRAF (0, 0.1, 0.32, 1.0 and 3.0 ug). Each transfection 
also contained 0.25 ug of pELAM-luc reported plasmid and 1 ug pRSV-Pgal (Hsu et al, supra). 
5 For each of (a), (b) and (c), a control transfection containing only the pEL AM-luc and pRS V- P gal 
was performed. After 24 hours, luciferase activities and normalizations to p-galactosidase levels 
were performed as described (Hsu et al, supra). Values relative to control are shown in Figure 4 
as mean ± SEM for experiments in which each transfection was performed in triplicate. 

1 0 Transient expression of TRAF2 in 293 cells potently activates the NF-KB-dependent reported 

gene. (Rothe et al, Science supra). This activation was dramatically inhibited by I-TRAF 
coexpression in a dose-dependent manner (Figure 4a). We next examined the effect of I-TRAF 
overexpressiononNF-KB activation triggered by the TRAF2-interactingreceptors CD40 and TNF- 
R2. Transient expression of these receptors has been shown to induce ligand-independent receptor 

1 5 aggregation which activated NF-kB in a TRAF2-dependent process. (Rothe et al , Science supra). 
As observed above for TRAF2, NF-kB activation through both CD40 (Figure 4b) and TNF-R2 
(Figure 4c) was effectively blocked by increased expression of I-TRAF. NF-kB activation mediated 
by interleukin 1 (IL-1) was only slightly depressed by I-TRAF overexpression (data not shown). 
Thus, I-TRAF is a specific inhibitor of TRAF2-dependentNF-KB activation signaled by CD40 and 

20 TNF-R2. 

tr\ r\ l • 

(p) ^uiiuiusiQua 

Conceptually, the I-TRAF/TRAF system bears remarkable similarity to the extensively 
stu4H >r/mf_vR r P£ ,i1 a tnry system (T.inn and Baltimore. Curr. Op. Cell. Bio. 5. 477-487 119931: 
25 Thanos & Maniatis,CeH 80, 529-532 [1995]). Both systems are involved in regulating the activity 
of the transcription factor NF-kB through the utilization of inhibitory proteins. IkB directly 
regulates NF-kB function by keeping it sequestered in the cytoplasm. I-TRAF acts at an earlier step 
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by binding to TRAFs and preventing their interaction with cell surface receptors (CD40, TNF-R2) 
that trigger TRAF2-mediated NF-kB activation cascades. The function of I-TRAF may be to 
prevent continuous TRAF signaling in the absence of ligand (CD40L or TNF). This function is 
consistent with the finding that TRAF2 overexpressionalone, in the absence of receptor aggregation, 
can trigger NF-kB activation. Ligand-induced receptor aggregation might be expected to release 
TRAFs from I-TRAF inhibition by providing a new, higher affinity TRAF binding site. 

All documents cited throughout the specification and all references cited therein are hereby 
expressly incorporated by reference. Although the invention has been described with reference to 
certain embodiments, it will be understood that certain variations and modification are possible and 
will be readily available for those of ordinary skill in the art. All such changes and modification and 
with the scope of the present invention. 
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